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26 CHAPTER 2. THE SUN
2.2 Solar atmosphere
The solar atmosphere comprises three di↵erent layers. The photosphere is a visible layer,
what in fact is seen with naked eyes. The two upper layers, i.e., chromosphere and corona,
also transion region which is placed between chromosphere and corona, can only be seen
during a total solar eclipse when the photospheric gleam is darkened by the Earth’s shadow.
The temperature and density stratification of the solar atmosphere are derived for a
plane-parallel atmosphere is presented in figure.2.1, [63] [2]. The values are a fairly good
approximation for the average quantities.
Figure 2.1: The temperature and density variation of the solar atmospheric as a function of height derive
from the VAL model, [63], courtesy of Eugene H. Avrett.
2.2.1 Photosphere
The lowest region of the solar atmosphere is the photosphere. It extends about 500 km
above the solar surface with temperatures between 4,000 to 6,000 K. The optical thickness
is, on average, ⌧ . 1 for the visible, infrared, and near ultraviolet wavelength range (the
optical depth for 500 nm light is one). Since, the temperature varies dramatically, the local
thermodynamic equilibrium approximation (LTE) is applied to describe most of the lower
photospheric conditions.
The sun is classified to be a cold star. We see that the main electron density in the
photosphere is allocated to heavy metals which have low abundance, Since, the tempera-
ture in the photosphere is lower, free electrons bounce to hydrogen atoms and the H  ions
Vernazza et al. 1981Quiet Sun Atmosphere Model
Photosphere
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5UV Bursts
• Compact, short-lived brightenings in 
active regions
• Observable properties:
• Intensification and 
broadening/splitting of emission 
lines
• Presence of optically thin Si IV 
emission lines 
• Presence of absorption features 
from cool metallic ions
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UV Bursts
T increases, ρ decreases with 
height from photosphere
TTR = 80000 K
Tmin ~ 4000 K
Tphoto = 5800 K
Transition 
Region
Chromosphere
Photosphere
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UV Bursts
T increases, ρ decreases with 
height from photosphere
TTR = 80000 K
Tmin ~ 4000 K
Tphoto = 5800 K
Ni II 1393.3 & 
Fe II 1392.8 Å
Si IV 1393.8/1402.8 Å
& O IV 1401.2 Å
γ
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Forbidden O IV Transition Line
• Electron density dependent
• Too sparse: we’d never see it
• Too dense: it gets extinguished
• Collisional de-excitation: particle 
collisions resulting in stolen angular 
momentum. 
• Use resonance Si IV 1393.8 Å line and 
O IV 1401.2 Å line and take ratio of 
two to get electron density/altitude 
estimates
γ
Forbidden transitionAllowed 
transition
O IV 1401.2 Å
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• Narrow Picture: Figure out how often the forbidden 
O IV transition occurs in UV burst spectra, and use it 
to get electron density/altitude estimates.
• Intermediate Picture: Characterizing UV bursts to 
constrain the dynamics in the cool solar atmosphere. 
• Big Picture: Do UV Bursts contribute to the heating 
of the solar atmosphere?
Importance of UV Bursts
Interface Region Imaging Spectrograph (IRIS)
Mullen, CNN 2013
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• Takes simultaneous imaging and 
spectroscopic data of upper chromosphere 
and transition region.
• Observes in FUV/NUV
• Images the Sun in four passbands:
• 1330 Å C II (mostly upper 
chromosphere)
• 1400 Å Si IV (transition region)
• 2796 Å Mg II (upper chromosphere)
• 2832 Å Mg II wing and continuum 
(photosphere and upper chromosphere)
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Interface Region Imaging Spectrograph (IRIS)
Slit-Jaw Imager (SJI)
2736 B. De Pontieu et al.
Figure 1 IRIS slit-jaw images (SJI) 1330 Å and 1400 Å of NOAA AR 11817 taken on 14 August 2013
at 18:50 UT. These images are sensitive to plasma of 10 000 – 30 000 K (1330 Å) and 65 000 K (1400 Å)
and show the upper chromosphere and low transition region. Both images also contain contributions from
continuum that is formed in the low chromosphere. The dark vertical line in the middle of the images is the
location of the slit. Corresponding spectra are shown in Figures 3, 4, and 5.
Figure 2 IRIS slit-jaw images (SJI) at 2796 Å and 2830 Å images of NOAA AR 11817 taken on 14 August
2013 at 18:50 UT. These images are sensitive to plasma of the upper chromosphere (2796 Å) and upper photo-
sphere (2830 Å). The upper-chromospheric image also contains contributions from the upper photosphere to
the middle chromosphere, which are dominant in more quiet regions. The dark vertical line in the middle of
the images is the location of the slit. Corresponding spectra are shown in Figures 3, 4, and 5.
Billings, Roussel-Dupre, and Francis, 1977; Poland and Tandberg-Hanssen, 1983; Kingston
et al., 1982). IRIS draws on heritage solar instrumentation, such as the Transition Region
and Coronal Explorer (TRACE: Handy et al., 1999), the Helioseismic and Magnetic Imager
(HMI: Scherrer et al., 2012) and the Atmospheric Imaging Assembly (AIA: Lemen et al.,
2012) onboard the Solar Dynamics Observatory (SDO: Pesnell, Thompson, and Chamber-
lin, 2012), and it exploits advances in novel, high-throughput, and high-resolution instru-
Interface Region Imaging Spectrograph 2737
Figure 3 IRIS far ultra-violet (FUV) 1 spectrum of NOAA AR 11817 taken on 14 August 2013 at 18:50 UT.
The two strong lines around 1334 – 1336 Å are C II lines that are formed in the upper chromosphere and low
transition region. The lines longward of 1350 Å are Cl I, O I, and C I lines that are formed in the low to
middle chromosphere. Corresponding images are shown in Figures 1 and 2.
Figure 4 IRIS far ultra-violet (FUV) 2 spectrum of NOAA AR 11817 taken on 14 August 2013 at 18:50 UT.
The strongest lines are Si IV lines, formed in the transition region (65 000 K). The weak lines around the
Si IV 1402 Å line are O IV lines that are formed around 150 000 K under equilibrium conditions. The very
faint vertical lines in the upper half of the detector are an example of the noise pattern caused by electronic
interference during camera readout (see Section 7.1). Corresponding images are shown in Figures 1 and 2.
mentation, efficient numerical simulation codes, and powerful, massively parallel super-
computers to aid interpretation of the data.
In Section 2 we give an overview of the IRIS observatory and its capabilities. We describe
the science goals of the IRIS mission in Section 3 and the instrument in Section 4. The instru-
ment observing approach and the day-to-day operations are described in Sections 5 and 6,
respectively. We discuss the preliminary calibration of IRIS in Section 7, while the data pro-
Full Si IV Spectra
1400 Å SJI
B. De Pontieu et al. 2014
B. De Pontieu et al. 2014
O IV 1401.2 Å
Si IV 1393.8 Å Si IV 1402.8 Å
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UV Burst Investigation Process
• AR11850 with nine 
observations from 24-27 
September 2013.
• Detect bursts using Si IV 
1393.8 Å line
• 2x intensity
• Absorption features
• Broadening/splitting
• Use Si IV 1402.8 Å spectral 
window for analysis
• Presence of O IV 1401.2 
Å
AR11850 1400 Å SJI AR11850 Si IV 1393.8 Å
Credit: Chad synced the frames
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IRIS Movie Close-Up
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Detection and Isolation of UV Bursts
• Apply four-parameter single-Gaussian 
fits to Si IV 1393.8 Å spectra
• Plot peak intensity v line width
• Perform cuts in 4-D parameter space to 
isolate burst population
AR11850 Si IV 1393.8 Å Peak Intensity v Line Width
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Parameter Maps
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Manual Detection
X
AR11850 Si IV 1393.8 Å
In
te
ns
ity
 [A
rb
. U
ni
ts
]
Wavelength [Å]
• Manually inspect remaining spectra for 
signs of Ni II 1393.3 Å absorption. 
• Every spectra with Ni II 1393.3 Å
absorption is deemed a UV burst.
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Manual Detection
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• Manually inspect remaining spectra for 
signs of Ni II 1393.3 Å absorption. 
• Every spectra with Ni II 1393.3 Å
absorption is deemed a UV burst.
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O IV Detection
• Use resulting sample from 
manual inspection in Si IV 
1402.8 Å window.
• Apply a cut to focus on O IV 
emission line
• Iterate through the sample 
applying four-parameter SGFs to 
each O IV line.
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Histogram of Statistical Significance of O IV
• Measure total integrated intensity and 
their uncertainties using poisson and 
readout noise for each O IV line 
associated with a burst.
• Calculate SNRs for each observation.
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Signal-to-Noise
Histogram of SNRs in AR11850
Total Integrated Intensity (TII) 
= √2π*peak intensity*line width
S/N = (TII/uncertainty TII)
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Statistical Significance of O IV 
Signal-to-Noise
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O IV Frequency AR11850
• Plot the frequency over all 
SNRs to see distribution.
• O IV SHOWS UP ENOUGH 
TO MAKE GOOD 
ELECTRON DENSITY 
ESTIMATES
33% SNR > 3
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Density/Altitude Estimates
• Ratio/density diagnostic model 
adapted from Young et al. (2018) 
and Peter et al. (2014).
• O IV DIAGNOSTICS CLEARLY 
SHOWS CHROMOSPHERIC 
ELECTRON DENSITIES
Log10 Density (cm-3)
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Table S2.  Density diagnostics in the bombs. 
Lower limits for the Si IV to O IV line ratios in the four bombs and lower limits for the 
electron density deduced from this. We do not specify error estimates for the line rations 
(and the derived densities), because the ratios are rough lower limits only. 
 
 Bomb 1 Bomb 2 Bomb 3 Bomb 4 
ratio  Si IV 1394 Å / O IV 1401 Å > 700 > 100 > 200 > 400 
electron density at source region of Si IV  
log10  ne  [cm-3] 
> 13.7 > 12.8 > 13.1 > 13.4 
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Figure S8.  Density diagnostics from the ratio of Si IV to O IV.  
Predicted ratio assuming that both lines form at the same pressure. The straight lines 
indicate the ratios and densities associated with the lower limits of Si IV to O IV derived 
for the emerging loop (red) and bomb 1 (green) as listed in Table S2.
Peter et al., 2014
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Future Work
• Use model to get more precise 
altitude estimates
• Look at prevalence of O IV and S 
IV in other ARs with different 
exposure times
NASA, Lockheed Martin Solar & Astrophysics Laboratory
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Cut:
114443 – 2425
153943 – 2445
063943 – 2450
110943 – 2490
055943 – 2076, 2465, 2375
110943 – 1489
052432 – 2595
062443 – 2356
050945 – 2514
Total: ~25500
Manual Inspection (UVBs):
114443 – 657
153943 – 164
063943 – 362
110943 – 819
055943 – 210, 360, 200
110943 – 125
052432 – 378
062443 – 284
050945 – 318
Total: ~3800
UVB Stats
